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and 1he equalily sign holds if and onty
{ m Theorem 4.2.
ary 1 of [1] we have

cgAptq 2
Proof. The assertion (a) follows fro
t product, {rom Coroll

Since M is a semi-invarian
{4.23) A X=0 for all X € (D) and Z e (D).
Also, since AMisa normal semi-invariant submanifold and the distribution
D@ {Z} 1s integrable, from (3.4) and (4.22) we obtain H{X. oYyeT(v) for
any X, Y&l

(D), Le. WC have

{4.24) BAh(X,Y)=0 for an

Then the assertion (L) follows from (4.23), (4.24)

assertions (¢). (@), (&) (f) and (g) arc then conscquences of Theorems 4.1,

42, 4.4 and 4.5 from [3].

] Theorem 4.5. Lct A bea (D,

invariant submani fold of gemea(1), Then we have
(1) |4, 2N il=1 for all wnid vectors Xel(D)

(n) A 2> 2¢(p+ 1)

sed

k=1

y X, Y = 1'(D). )
and (4.19) for k=1, The

DLy-geodesic and DL-geodesic normal sewti-

and Z e T(DY),

. (i) [h2=2g(p+ 1} ifand onlv if M, Yye T(pDL) for any X, YD)
_ 'Proof. Since M is a normal, (D DL)-geodesic and Di-geodesic setni-
invariant submanifold and k=1, the assortion (i) is an immediate conse-
uence of (4.19). Now, sincc A ois (D, DLy-geodesic and Di-geodesic, by
ing (2.7), (4.6), (4.20) and (4.21) we get

I.lZS) Agzb=—2; PAY=0. QAezY =0 ; 'q(:lc‘.,zY):———g(Y,Z) :
04, X =0 ; 7doeX)=0; @AY =0 A{AsY)=0

gRany X eI(D), Y, Z eT(DY) and NeT().
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8

la.l i()l”l /I Hf il[e sll])[“a“]jll](l lz s o 1.. hc 1(‘.,“5 ]] Of th'c SCCOnd fundamen

(4.26) 5
= ¥ e ek
X MEL: Eg)lr= XX TI4,E,

a=l  a=1

where {E, E -
LA e € E,= .
normal framecs onl Tar (E}OS(I;’CS}_}-A}IL\T;, voes Naut1m}) is a local field of orth
. 5 ortho~

We ch : i
oose the local field of orthonormal frames

(4.27) (E
12 vy Egy Eppi=9E,, ... E
on Tﬂf such t - P 1y --- 21,_?]:-1” Eg +1y +-- I -
Also, we choinqchtalt ,L’ EF(P) (i=1, ..., p} and pEl 2f+¢’ IBE s
; e local ficld of orthonormal sect:jp(;j e(DL) (j=1, ... q)
18 3 5

(4.28) {N,—=oF
on THE. 1=9E sy s Ny gEop, 1y, L 17, T ol 1%
ikl U Hd - L y ey =
» wWhere I, &T(v) (r=1, ..., 5) and 2s=dim l S
= LV,

Then by usi
y using (4.25), (4.27) and (4.28) in (4.26) ve o tai
(4.29) =% %4 h

AT u 2p 2
fml jml i IZ_E'EEpﬂ L EXE | PAE,?
where A=A ye=1 et i
B #Eapj and A4,=4 vy j=1 d
n (i) of Theorem 4.5 and (4.29) ,i.r.r;pfy and f=1,..,2s. Thus, the

(4.30) . I
hr=2g(p+1)+ S E |PAE

g ey = terel
and tielsz;ss?::on 4(11) it follows from (4.30)
) n + i :
PAE=0 for alll( {iol) e ";’tam that [h]2=2¢(p+1) if and -
X, Y <I(D). The =l 2 and =l 2 G KX Y) S8 for
rom Theorem 4.5 and Corollar‘y ISS.ZCO\ELPLEI:Ein n

Corollary 4.2. I
. ) 2. Let M be )
riant submanifold of S+t (1’5 “I{ti:);;:ﬂc:f; g]enerzc and Dl-geodesic scmi-inva
) ‘e have - .

(i) (A, 2Xi=1 for
\ 0 2= any unil vec
(i) 1R 2g(p1), il vectors XeI'(D) and ZeT(DY) and
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ON ALMOST CONTACT METRIC SUBMERSIONS

BY
DOMINGO CHINEA

a Torre [11] have examined the

differential fgeometric properties of almost complex Riemannian submer-
sions between almost Hermitian manifolds {almost Hermitian submersions).
In this connection, the purpose of this paper 1s to study the properties of
almost contact Riemannian submersions between almost contact metric
manifolds {almost contact metric submersions). For it, we use the Gray-
Hervella’s classification of almost Hermitian manifolds {6] and the
classification for almost contact metric structures obtained by J.A.

OQubina [8]

First of all we recall in §1 the definition and properties of an
almost contact metric manifold and we give some results on invariant
submanifolds of those manifolds. In §2, according to the different tvpes
of almost contact metric structures on 2 manifold M we study the proper-

tric manifold M’

ties of submersions of M onto an almost coutact me
In §3 we study semi-cosymplectic and semi-Sasakian submersions and we
relate the minimality of the fibres with the transference of the almost con-

tact metric structurc to the base manifold. In § 4, we study quasi-trans-
Gasakian submersions. In § 5, we want to examine the influence of the
almost contact metric nature of the submersion on its configuration tensors.
In § 6 we prove that the horizontal distribution of an almost contact metric
submersion whose total space is cosymplectic 1s completely integrable.
Finally, the relations between the o-sectional and cp-bisectional curvatures
of the two manifolds of an almost contact metric submersion ar€ studies
in § 7.

ERE Preliminaries. A (211+1)-dimensional real differentiable manifold
M of class C* is said to have a {F, Z, -r,)—structure or an almost contact
structure if it admits a field F of endomorphisms of the tangent spaces, @

vector field E, and 2 lform 7 satisfyving
(1.2) Frm—T4-n®%

B. Watson [13] and E. De l

(1.1) (B=1
where T denote the identity transfor

endomorphism F has rang 27 (1.
If a manifold M with a (F, £, )-structure 2dmits a Riemannian metric

é such that

mation [91. Then Fi=0, 7F=0 and the



